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Monday, September 22nd

14:00 Welcome

14:15 Recovering and Learning Functions via
Hierarchical Representations
Rima Alaifari

15:15 Understanding gradient methods for
phase retrieval and blind ptychography
Oleh Melnyk

15:45 Coffee @Room 149

16:15 Sampling Sparse Graph Signals
Stefan Kunis

16:45 Covariance Estimation for Massive
MIMO Systems
Laura Paul

Tuesday, September 23rd

9:00 Consistency of signal processing and
sampling on large networks
Mahya Ghandehari

10:00 Physics-informed Learning and its
connections to signal processing
Harsha Vardhan Tetali

10:30 Coffee @Room 149

11:00 Uncertainty Principle for Convolutional
Tight Frames and its Applications in
Signal Recovery
Sahil Kalra

11:30 Ramanujan sums in signal recovery and
uncertainty principle inequalities
Niraj Kumar Shukla

12:00 Lunch Break

14:00 Perspectives on Deep Learning in
Scientific Computing
Philipp Grohs

15:00 Coffee @Skylounge

15:30 Poster Session + Coffee @Skylounge

17:00 Signals and Operators: The world of Mild
Distributions
Hans Feichtinger

19:30 Dinner @Restaurant Ratskeller

Wednesday, September 24th

9:00 Symbolic neural network learning
Helmut Boelcskei

10:00 Cellular automata, many-valued logic,
and deep neural networks
Yani Zhang

10:30 Coffee @Room 149

11:00 Symmetric Simplicial Lifting for
Hypergraph Learning
Seongjin Choi

11:30 The Convex Geometry of Low Rank
Tensor Recovery with the Nuclear Norm
Yuhuai Zhou

12:00 Lunch Break

14:00 A comparison of declipping and unlimited
sampling
Mitchell Taylor

15:00 Controlling the complexity in robust A/D
conversion based on beta-expansions
Valentin Abadie

15:30 Coffee @Room 149

16:00 Entropy and Identifiability of LTV
Systems
Thomas Allard

16:30 Piecewise Linear Approximations: Design
of quasi-optimal partitions
Laurent Demaret

Thursday, September 25th

9:00 Semantic segmentation of medical images
directly from wavelet coefficients
Jakob Lemwig

9:30 Adaptive Random Fourier Features
Training Stabilized By Resampling With
Applications in Image Regression
Anamika Pandey

10:00 Coffee @Room 149

10:30 Generative Modeling via Flow Matching
Gabriele Steidl
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Abstracts

Controlling the complexity in robust A/D conversion based
on beta-expansions 24 Sep

3:00pm
Hall IVValentin Abadie

ETH Zürich

Analog-to-digital (A/D) conversion is a central problem in signal processing: given a
real-valued quantity x, the objective is to approximate it by a finite sequence of bits.
The classical approach is to compute the binary (base-2) expansion of x. In principle,
an n-bit binary representation attains an error on the order of 2−n, i.e., accuracy that
improves exponentially with the sequence length. Practically, however, the binary
algorithm presupposes an ideal threshold comparator, i.e., an element that must de-
cide flawlessly whether an input lies above or below a fixed level. No physical device
can meet this requirement perfectly: occasional mis-thresholding is inevitable. A
fruitful remedy is to replace the binary representation with a β-expansion, in which
x is expressed as a series of inverse powers of a real base β ∈ (1, 2). Unlike the bi-
nary expansion, which is essentially unique, β-expansions are generally non-unique:
the same real number often possesses many valid digit sequences. This built-in
redundancy can be exploited to construct A/D converters that remain exponen-
tially accurate even when individual threshold operations are unreliable. A natural
question follows: does this robustness come at the price of increased sequence com-
plexity? Concretely, suppose the binary expansion of a certain x can be compressed
losslessly by 90 %. Must the β-expansions of x admit a comparable compression
ratio? We show that, in general, the answer is no: certain β-expansions may be
substantially more complex than the corresponding binary expansion. Nevertheless,
when β belongs to a specific family of algebraic numbers, some β-expansions of x
match the binary expansion’s complexity. Moreover, we present a linear-time al-
gorithm that transforms any (possibly very complex) β-expansion of x into such a
minimally complex one.
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Recovering and Learning Functions via Hierarchical
Representations22 Sep

2:15pm
Hall IV Rima Alaifari

RWTH Aachen University

Recovering and learning functions from partial or indirect observations is a funda-
mental challenge in many applications. This talk explores two distinct but concep-
tually related problems: phase retrieval from Gabor and wavelet transform magni-
tudes, and nonparametric regression via signature transforms.

Phase retrieval seeks to reconstruct a function from the magnitude of its linear
transform, raising questions of uniqueness and stability. In contrast, nonparametric
regression aims to estimate statistical relationships in high-dimensional time-series
data using nonlinear hierarchical representations. While these problems arise in dif-
ferent contexts, both rely on structured signal representations—the Gabor transform
and wavelets providing linear feature hierarchies, while the signature transform cap-
tures nonlinear dependencies in sequential data. I will discuss key aspects of these
representations and their implications for function recovery and estimation.

Entropy and Identifiability of LTV Systems24 Sep
4:00pm
Hall IV Thomas Allard

ETH Zurich

Entropy and entropy numbers of operators are fundamental tools in approximation
theory, signal processing, machine learning, statistical learning theory, and related
fields. Of particular interest in signal processing is the case where the operator
models the input-output behavior of a linear time-varying (LTV) system. Tradi-
tional approaches to characterize its entropy rely on spectral methods, leveraging
information about the eigenvalues. However, in many situations, only information
on the time-frequency representation of the operator is accessible. In such cases,
we propose a new method to characterize entropy directly from this representation.
Our approach incidentally yields a simple criterion for verifying the identifiability of
LTV systems based on the entropy of the associated operator. We conclude with two
applications of our results: the characterization of the metric entropy of unit balls in
Sobolev spaces on unbounded domains, and that of the entropy of the Schrödinger
operator.“
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Sparse Exit Wave Reconstruction via Deep Unfolding Poster

Moussa Atwi

RWTH Aachen University

We analyze unrolled neural networks for exit wave reconstruction in transmission
electron microscopy (TEM). In TEM, exit wave reconstruction aims to recover the
complex-valued electron wave at the specimen’s exit plane from intensity-only mea-
surements acquired at different focus levels, forming a nonlinear inverse problem.
We consider a simplified model, equivalent to a phase retrieval problem, and propose
a discretized variational formulation. To solve the resulting non-convex problem, we
employ the proximal gradient algorithm (PGA) with sparsity-promoting regulariza-
tion and unfold each PGA iteration into a network layer with learnable parameters,
effectively learning a dictionary from the data. Regarding parameter perturbations,
we show exponential growth in the number of layers L without any restrictions on the
regularization parameter, while for large regularization and signal dimension N = 1
this growth reduces to quadratic. Building on the proof technique of Behboodi et
al., originally developed for a linear forward model, we extend the analysis to our
nonlinear setting and obtain generalization error bounds: O(

√
L) in the general case

and O(
√

logL) under strong regularization. Numerical evidence supports the expo-
nential growth scenario, indicating that the perturbation error grows exponentially
in the worst case.

Symbolic neural network learning 24 Sep
9:00am
Hall IVHelmut Bölcskei

ETH Zurich

A central challenge for AI systems is symbolic reasoning. This is illustrated by the
Abstraction and Reasoning Corpus (ARC) benchmark, with humans achieving 84%
performance compared to 10% by GPT-5. Recent successes in AI reasoning, such as
e.g. DeepMind’s AlphaEvolve or AlphaGeometry as well as IMO gold-medal level
performance achieving systems rely on hybrid methods that combine neural net-
works with symbolic or geometric reasoning modules. In this talk, we consider the
problem of learning the transition rules of cellular automata (CA) from observed
evolution traces, a symbolic learning challenge that is even more demanding than
ARC. While it has long been known that binary CA are essentially machines realiz-
ing operations in Boolean logic, we show that, in fact, all CA are logical machines,
specifically, in  Lukasiewicz propositional many-valued logic. This is accomplished
by interpolating CA transition functions to continuous piecewise-linear maps and
invoking the McNaughton theorem. Since deep ReLU networks realize continuous
piecewise-linear functions, they are naturally suited to extract these logical rules
from CA evolution traces. We show that all CA can be learned by recurrent neural
networks. Moreover, the formula in many-valued logic characterizing the CA transi-
tion function can be extracted from the learned recurrent neural network. The talk
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builds a bridge between symbolic logic, cellular automata, and deep learning, point-
ing toward a path for endowing neural networks with genuine symbolic reasoning
capability.

Symmetric Simplicial Lifting for Hypergraph Learning24 Sep
11:00am

Hall IV Seongjin Choi

Pohang University of Science and Technology

The principled construction of higher-degree sheaf Laplacians—essential for signal
processing on multi-relational hypergraphs—is challenged by inherent sparsity and
orientational ambiguity. We introduce symmetric simplicial lifting, a foundational
framework that resolves this gap by embedding hypergraphs into structures support-
ing well-defined Laplacians at any degree. As an initial validation of this framework,
we develop Hypergraph Neural Sheaf Diffusion (HNSD), a model using a degree-zero
sheaf Laplacian to learn diffusion dynamics. The model’s strong performance on
key hypergraph benchmarks confirms our approach as a principled foundation for
higher-order signal analysis.

Weisfeiler–Lehman Go CategoricalPoster

Seongjin Choi

Pohang University of Science and Technology

We introduce a categorical generalization of the Weisfeiler–Lehman (WL) test, de-
fined for arbitrary pairs of objects in a category whenever a conservative functor
to the category of graded preordered sets is given. This framework, which we call
CatWL, subsumes several well-known variants, including the graph WL test, the
hypergraph WL test, the simplicial WL test, and the cellular WL test. As an ap-
plication, we present a new WL test for hypergraphs that is strictly more powerful
than HWL.
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Piecewise Linear Approximations: Design of quasi-optimal
partitions 24 Sep

4:30pm
Hall IVLaurent Demaret

Hochschule für angewandte Wissenschaften München

For decades, triangulations have been successfully applied to the problem of approxi-
mating images: several heuristics have been used to design efficient (mostly iterative)
algorithms, aimed at obtain good” partitions, where size and shape of the triangles
are adapted to the image contents. Another direction of research focusses on the-
oretical approximation results for piecewise linear functions on triangulations. A
non trivial question is the optimality of the partitions actually computed by a given
iterative algorithm in terms of approximation. In this talk, we first introduce a con-
structive algorithm to obtain an optimal interval partitioning in the one-dimensional
case. Then we generalise this result to the 2D case, derive some criteria on the shape
and size of triangles of optimal triangulations and give some connections to classi-
cal approximation spaces. Finally a few comparisons with state of the art greedy
algorithms are shown. ”

Signals and Operators: The world of Mild Distributions 23 Sep
5:00pm
Hall IVHans Feichtinger

University of Vienna, Faculty of Mathematics

Taking an axiomatic viewpoint mathematicians avoid to define what certain “objects
are”. Instead one starts from certain relations and structures, typically algebraic or
analytic, which allow to perform certain computations or carry out some reasoning.

We all know the classical examples: The field of real numbers is made up in such
a way that the classical manipulations known for integers or rational numbers, can
be performed, with the additional observation that it is also complete with respect
to the Euclidean metric. Once we have formulated such axioms we need not (but of
course we can) case about the existence of such objects, e.g. by introducing infinite
decimal expressions and their computational rules, but this is just one model, a
completely different one is obtained by Dedekind sections. Of course two such
models are isomorphic in a natural sense.

Another well known example is the theory of finite dimensional vector spaces,
as is developed in a typical linear algebra course. Aside from additional properties
valid only for concrete examples one does not care, whether the objects are column
or row vectors, or polynomials or function inside some infinite dimensional vector
space. The common structure can be described using finite bases, and matrices
characterizing general linear mappings using such basis on both the domain and the
target space.

In this sense we want to propose a heuristic approach to the world of signals
and operators. At the end we will suggest that so-called mild distributions, or the
elements of the dual of Feichtinger’s algebra are a suitable setting for signals.

The basic idea is that signals are objects (not to be specified here!) which can be
“tested” by suitable measurements. Although a simplified approach models a signal
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as a continuous functions, which allows point evaluations as simple measurements,
more complex situations are more realistic. Think of the temperature at a given
location as a function of time, obtained by placing a thermometer for a little while at
a concrete spot and wait for the display to stabilize. This is a typical measurement.
Another very natural object is a sound signal, which can be recorded with the help
of a microphone (using your smart-phone or notebook). The digital data obtained
in this way are not the exact value of what (?), the air pressure at the microphone,
but still one can insert the resulting signal (ideally stored on a CD at the rate of
44100 Hz) into a mathematical software program and analyze the signal in this way.

The underlying reasoning (explained in “H. G. Feichtinger. Modelling Signals
as Mild Distributions (Abdul Siddiqi Memorial Volume), pages 1–26, 2024” in more
detail) is the assumptions, that both signals and measurements form linear spaces.
In fact, the sum are a scalar multiple of a given signal (by amplification) should be
signal as well. But also the average of certain (we assume now linear!) measurements
or other linear combinations describe linear mappings defined on the vector space of
all signals, thus providing a bilinear mapping defined on the product space, generated
from signals and (admissible) measurements. In addition, this setting provides a very
natural notion of similarity of signals: Given a finite set F of measurements and
some ε > 0 we say that two signals are close in the (F, ε)-sense if the difference for
each of the measurements of the two signals is at most ε, for all measurements from
F .

It is plausible that such bilinear (and continuous) pairings can be realized using
spaces of test functions (as measurements) and generalized functions (the dual space)
as space of signals. In the concrete scenario we will use the Segal algebra (S0(Rd), ∥·
∥S0) (known as Feichtinger’s algebra) as the Fourier invariant Banach algebra of
test functions, and the dual space, the space of mild distributions, as the space of
signals. (S0(Rd), ∥ · ∥S0) can also be characterized as the subspace of the Schwartz
space S ′(Rd) of tempered distributions with a bounded STFT (short-time Fourier
transform). In fact, for a general σ ∈ S ′(Rd) and any (real-valued) Schwartz function
g ∈ S(Rd) (say a Gaussian), we have

Vg(σ)(t, s) = σ(exp(−2πis·) · g(· − t)), (t, s) ∈ Rd × R̂d.

It is also natural to view the “most general” linear operators as those mapping
(S0(Rd), ∥ · ∥S0) into (S′

0(Rd), ∥ · ∥S′
0
) (in a continuous way). For such operators

we have a so-called kernel theorem: They can be described as limits of a bounded
sequence of integral kernels Kn(x, y) in the sense of S′

0(R2d), where each Kn is
represented by a bounded and continuous function. This is a very useful analogue of
the Schwartz kernel theorem characterizing continuous linear mappings from S(Rd)
into S ′(Rd), by “kernels” K ∈ S ′(R2d).
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Consistency of signal processing and sampling on large
networks 23 Sep

9:00am
Hall IVMahya Ghandehari

University of Delaware

The emerging field of Graph Signal Processing (GSP) aims to develop analysis and
processing techniques for data that is represented on graphs. An important question
in this field is to develop a common scheme for signal analysis that can be applied to
graphs that are similar in structure. The notion of similarity of graphs is beautifully
captured by the recent theory of Graph Limit Theory. In this talk, we discuss
how defining a graphon Fourier transform allows us to produce consistent graph
signal processing for any graph sampled from the graphon. We also study sampling
methods for Paley-Wiener functions on graphons, and derive conditions under which
graphon sampling estimates are consistent with graphon convergence. If time allows,
we briefly discuss GSP on atypical samples of certain graphons using the Large
Deviation Principle.

This talk is based on collaborative papers with H. Fuhr, J. Janssen, N. Kalyani-
walla, and G. Medvedev.

Cheeger constants and stable phase retrieval in RKHS Poster

Max Getter

RWTH Aachen University

We investigate the stability of phase retrieval in reproducing kernel Hilbert spaces
(RKHS), i.e., the problem of reconstructing a function F from its magnitude |F |.
For real-valued functions this is possible up to a sign iff F admits a positve Cheeger-
type constant C(F ). For complex-valued functions, positivity of C(F ) remains a
necessary condition for the stable phase retrievability of F.

Stable low rank matrix recovery from 3-designs and specific
2-designs Poster

Timm Gilles

RWTH Aachen University

It is known that a low-rank matrix can be efficiently recovered from m ≥ Crd log(d)
rank-one measurements obtained by uniformly sampling from a t-design, provided
that t ≥ 4. However, it is also known that such a statement does not hold for t = 2
without additional assumptions on the measurement scheme. We close this gap by
proving that m ≥ Cr3d log(d) rank-one measurements obtained by uniformly sam-
pling from a 3-design are sufficient for recovery via nuclear norm minimization. The
recovery algorithm is stable against noise as well as deviations from the assumption
of low rank. Additionally, we complement our findings by considering measurement
schemes where the rank-one measurements are derived from Clifford orbits, which
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form only a 2-design but not a 3-design. In this context, we generalize the known
results for the multiqubit Clifford group to the multiqudit Clifford group with d = 3
or d ≡ 2 mod 3.

Perspectives on Deep Learning in Scientific Computing23 Sep
2:00pm
Hall IV Philipp Grohs

University of Vienna

In recent years, Deep Learning methods have gained attention in scientific comput-
ing. Examples include using neural networks as numerical ansätze for solving partial
differential equations, and constructing data-driven surrogate models to replace com-
plex first-principles simulations. Despite the initial excitement, these methods have
had mixed success compared to established algorithms, with only a few cases where
they clearly outperform traditional approaches.

In this talk, I will present fundamental upper and lower bounds on the complexity
of Deep Learning-based algorithms for problems in scientific computing. These
results help explain why these methods perform poorly on many standard problems,
but also show when improvements over classical methods can be expected. One such
example is the electronic Schrödinger equation, where we now achieve experimental
accuracy for molecular systems of unprecedented size. I will show some empirical
results and conclude with a discussion of open mathematical questions.

Uncertainty Principle for Convolutional Tight Frames and
its Applications in Signal Recovery23 Sep

11:00am
Hall IV

+Poster
Sahil Kalra

Indian Institute of Technology Indore, India

In this work, we discuss the Donoho–Stark uncertainty principle in the context of
convolutional tight frames arising from the analysis phase of filter banks in a finite
dimensional setting. Unlike the classical uncertainty principle, which constrains the
sizes of a signal support and support of its Fourier transform, our approach replaces
the support of the Fourier transform with the support of frame coefficients, linking
it to the problem of signal recovery after erasures. We refine this principle using
restriction estimates from classical restriction theory and demonstrate its applica-
tions in recovering signals from lost frame coefficients or noisy observations. This
study further explores the uncertainty principle and signal recovery conditions for
Dirac combs, where their support is replaced with a concentrated set. Finally, we
present numerical experiments illustrating signal recovery performance when theo-
retical conditions are not met, and we further enhance the recovery process using
the properties of Ramanujan sums. This is a joint work with Niraj K. Shukla.
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Sampling Sparse Graph Signals 22 Sep
4:15pm
Hall IVStefan Kunis

University Osnabrueck

We study signals that are sparse either on the vertices of a graph or in the graph
spectral domain. Recent results on the algebraic properties of random integer ma-
trices as well as on the boundedness of eigenvectors of random matrices imply two
types of support size uncertainty principles for graph signals. Indeed, the algebraic
properties imply uniqueness results if a sparse signal is sampled at any set of min-
imal size in the other domain. The boundedness properties of eigenvectors imply
stable reconstruction by basis pursuit if a sparse signal is sampled at a slightly larger
randomly selected set in the other domain.“

Semantic segmentation of medical images directly from
wavelet coefficients 25 Sep

9:00am
Hall IVJakob Lemvig

Technical university of Denmark

Semantic segmentation is a key task in medical image analysis, involving the pixel-
wise classification of anatomical structures or pathological regions such as tumors.
In this talk, we consider semantic segmentation performed directly on wavelet co-
efficients, with a focus on a 3D MRI brain tumor segmentation (BRATS) dataset.
This approach enables segmentation on compressed data representations, which is
particularly relevant for storage and transmission efficiency. We introduce a hy-
brid architecture combining the wavelet transform with a convolutional neural net-
work. Our model achieves segmentation performance just shy of state-of-the-art
transformer-based models - measured in terms of Dice score - while offering the
distinct advantage of operating directly in the compressed wavelet domain.“

Computationally Efficient Approximation of
High-Dimensional Probability Densities and f-Divergences Poster

Alexander Litvinenko

RWTH Aachen University

Very often, in the context of uncertainty quantification or data analysis, one en-
counters high-dimensional random variables. A central task in such settings is to
compute characteristics of the underlying probability distribution, such as entropy,
the Kullback–Leibler divergence, more general f-divergences, or related information-
theoretic quantities.

However, in many practical problems the probability density function (pdf) is
not directly available. Even when it can be approximated, representing the density
in a numerically feasible way becomes a major computational challenge as the di-
mensionality increases, even to moderate levels. The subsequent computation of the
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aforementioned characteristics in high dimensions is even more demanding. To ad-
dress this issue, we propose to approximate the discretized density in a compressed
form, in particular using a low-rank tensor representation. Such a representation can
be obtained either directly from the discretized density or indirectly, for example,
from the corresponding probability characteristic function or other representations
of the random variable.

Many of the desired quantities, such as entropy or f-divergences, require applying
pointwise nonlinear functions, such as the logarithm, to the density. While this
is trivial when the full density is explicitly available, it becomes computationally
nontrivial when the density is stored in a compressed or low-rank tensor format,
where individual point values are not directly accessible. To overcome this difficulty,
we treat the compressed data as an element of an associative, commutative algebra
equipped with an inner product, enabling the use of matrix-based algorithms to
perform these computations efficiently. This low-rank tensor representation reduces
both computational complexity and storage requirements, mitigating the curse of
dimensionality. In particular, it can decrease the cost from being exponential in the
dimension to nearly linear, making the numerical evaluation of high-dimensional
distribution characteristics tractable.

Understanding gradient methods for phase retrieval and
blind ptychography22 Sep

3:15pm
Hall IV Oleh Melnyk

Ludwig Maximilian University of Munich

Ptychography is an imaging technique, the goal of which is to reconstruct the ob-
ject of interest from a set of diffraction patterns obtained by illuminating its small
regions. When the distribution of light within the region is known, the recovery of
the object from ptychographic measurements becomes a special case of the phase re-
trieval problem. In the other case, also known as blind ptychography, the recovery of
both the object and the distribution is necessary. One of the well-known reconstruc-
tion methods for blind ptychography is extended Ptychographic Iterative Engine.
Despite its popularity, there was no known analysis of its performance. Based on
the fact that it is a stochastic gradient descent method, we derive its convergence
guarantees if the step sizes are chosen sufficiently small. The second considered
method is a generalization of the Amplitude Flow algorithm for phase retrieval, a
gradient descent scheme for the minimization of the amplitude-based squared loss.
By applying an alternating minimization procedure, the blind ptychography is re-
duced to phase retrieval subproblems, which can be solved by performing a few
steps of Amplitude Flow. The resulting procedure converges to a critical point at a
sublinear rate.“
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Adaptive Random Fourier Features Training Stabilized By
Resampling With Applications in Image Regression 25 Sep

9:30am
Hall IVAnamika Pandey

Chair of Mathematics for Uncertainty Quantification, RWTH Aachen University

We presents an enhanced adaptive random Fourier features (ARFF) training algo-
rithm for shallow neural networks, building upon the work introduced in Adaptive
Random Fourier Features with Metropolis Sampling”, Kammonen et al., Founda-
tions of Data Science, 2(3):309–332, 2020. This improved method uses a particle
filter-type resampling technique to stabilize the training process and reduce the
sensitivity to parameter choices. The Metropolis test can also be omitted when
resampling is used, reducing the number of hyperparameters by one and reducing
the computational cost per iteration compared to the ARFF method. We present
comprehensive numerical experiments demonstrating the efficacy of the proposed
algorithm in function regression tasks as a stand-alone method and as a pretraining
step before gradient-based optimization, using the Adam optimizer. Furthermore,
we apply the proposed algorithm to a simple image regression problem, illustrat-
ing its utility in sampling frequencies for the random Fourier features (RFF) layer
of coordinate-based multilayer perceptrons. In this context, we use the proposed
algorithm to sample the parameters of the RFF layer in an automated manner.“

Covariance Estimation for Massive MIMO Systems 22 Sep
4:45pm
Hall IVLaura Paul

LMU Munich

Massive multiple-input multiple-output (MIMO) communication systems are very
promising for wireless communication and fifth generation (5G) cellular networks. In
massive MIMO, a large number of antennas are employed at the base station (BS),
which provides a high degree of spatial freedom and enables the BS to simultaneously
communicate with multiple user terminals. Due to the limited angular spread, the
user channel vectors lie on low-dimensional subspaces. For each user, we aim to find a
low-dimensional beamforming subspace that captures a large amount of the power of
its channel vectors. We address this signal subspace estimation problem by finding
a good estimator of the signal covariance matrix in terms of a truncated version
of the nuclear norm based on the received data samples at the BS. Expectation
bounds for every singular value of the deviation of the sample covariance from the
true covariance matrix of i.i.d. centered Gaussian random variables will be derived.
As a consequence, we present a bound on the estimation error in the Massive MIMO
setting in terms of the number of observed time samples, the number of sampled
entries (antennas), the truncation and noise level. In the special case of the spectral
norm our bound matches an optimal one from the literature.
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A convex lifting approach for the Calderón problemPoster

Simone Sanna

University of Genoa - Machine Learning Genoa Center (MaLGa Center)

The Calderón problem consists in recovering an unknown coefficient of a partial dif-
ferential equation from boundary measurements of its solution. These measurements
give rise to a highly nonlinear forward operator. Consequently, the development of
reconstruction methods for this inverse problem is challenging, as they usually suf-
fer from the problem of local convergence. To circumvent this issue, we propose an
alternative approach based on lifting and convex relaxation techniques, that have
been successfully developed for solving finite-dimensional quadratic inverse problems
such as the phase retrieval problem. This leads to a convex optimization problem
whose unique solution coincides with the sought-after coefficient, provided that a
non-degenerate source condition holds. We demonstrate the validity of our approach
on a toy model where the solution of the partial differential equation is known every-
where in the domain. In this simplified setting, we verify that the non-degenerate
source condition holds under certain assumptions on the unknown coefficient. We
leave the investigation of its validity in the Calderón setting for future works.“

Ramanujan sums in signal recovery and uncertainty
principle inequalities23 Sep

11:30am
Hall IV Niraj Kumar Shukla

Indian Institute of Technology Indore

This paper investigates the perfect reconstruction property of filter banks based on
Ramanujan sums and their applications in erasure handling/signal recovery. The
Ramanujan sum was introduced by the Indian mathematician Srinivasa Ramanujan
in 1918. Ramanujan showed that several arithmetic functions in number theory, such
as Euler’s totient function ϕ(n) and the Mobius function µ(n), can be expressed as
linear combinations of Ramanujan sums cq. The collection of ϕ(q)-successive circular
shifts of the q-th Ramanujan sum i.e., cq, cq(· − 1), . . . , cq(· − ϕ(q) + 1) are linearly
independent and generates a ϕ(q)-dimensional space, known as Ramanujan sub-
space. Ramanujan sums serve as powerful tools for extracting periodic components
from signals and form the foundation of Ramanujan filter banks. We investigate
the perfect reconstruction property of these filter banks and analyze their robust-
ness against erasures for discrete-time signals in a finite-dimensional space L2(ZN)
(i.e., CN ). The study is further extended to non-uniform Ramanujan filter banks,
showcasing their ability to address the limitations of uniform ones. Employing the
reconstruction properties of uniform Ramanujan filter banks, we present an uncer-
tainty principle associated with a tight frame of shifts of Ramanujan sums. This
principle establishes representation inequalities in terms of Euler’s totient function
ϕ(n) that provide sufficient conditions for the perfect recovery of signals in scenarios
where signal information is lost during transmission or corrupted by noise. Finally,
we illustrate that utilizing the signal’s periodicity information through Ramanujan
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filter banks significantly improves the efficiency of signal recovery optimization al-
gorithms, resulting in enhanced signal-to-noise ratio (SNR) gains and more precise
reconstruction. This is joint work with Sahil Kalra.

Generative Modeling via Flow Matching 25 Sep
10:30am
Hall IVGabriele Steidl

TU Berlin

Generative models with neural network approximations have shown impressive re-
sults in many applications, in particular in inverse problems and data assimilation.
Among these models, flow matching techniques stand out for their simple applica-
bility and good scaling properties. We give an introduction into flow matching and
show some results of our group in this direction, namely i) an extension to genera-
tor matching of Markov processes to learn time series, ii) an incorporation of flow
matching into plug-and-play algorithms to solve image restoration problems iii) con-
ditional flow matching using conditional Wasserstein distances, and iv) telegrapher’s
generative modeling via Kac flow.

References:

• C. Wald, G. Steidl, Flow Matching: Markov Kernels, Stochastic Processes and
Transport Plans in: Variational and Information Flows in Machine Learning
and Optimal Transport 185-254 Springer Nature, 2025

• T. Jahn, J. Chemseddine, P. Hagemann, C. Wald, G. Steidl, Trajectory Gen-
erator Matching for Time Series ArXiv 2025

• PnP-Flow: Plug-and-play image restoration with flow matching S Martin, A
Gagneux, P Hagemann, G Steidl ICLR, 2025

• J. Chemseddine, P. Hagemann, G. Steidl, C. Wald, Conditional Wasserstein
distances with applications in Bayesian OT flow matching JMLR 2025

• R. Duong, J. Chemseddine, P. Friz, G. Steidl, Telegrapher’s Generative Model
via Kac Flows ArXiv 2025
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A comparison of declipping and unlimited sampling24 Sep
2:00pm
Hall IV Mitchell Taylor

ETH Zurich

In many applications, sensors have a limited dynamic range [−λ, λ] and any mea-
surement that falls outside of this range is either clipped or folded. In this talk,
we will be interested in finding the optimal dependence on the number of samples
and the stability constant for these recovery problems, asymptotically as λ → 0. In
particular, we will identify a large class of frames which are optimal in this regard,
and illustrate precise quantitative differences between the declipping and unlimited
sampling problems. Finally, we will show how one bit compressive sensing arises as
a certain scaling limit of declipping.

Physics-informed Learning and its connections to signal
processing23 Sep

10:00am
Hall IV Harsha Vardhan Tetali

University of Helsinki

Physics-informed learning has emerged as a powerful paradigm for incorporating
domain knowledge into machine learning models, yet its applications have been
predominantly constrained to neural network architectures that demand extensive
datasets and computational resources. This talk explores a complementary ap-
proach that leverages classical unsupervised learning techniques to provide simpler,
more accessible alternatives for physics-informed modeling. While neural network-
based physics-informed methods have demonstrated remarkable capabilities, their
black-box nature fundamentally limits interpretability—a critical concern when un-
derstanding the underlying physical mechanisms is as important as predictive per-
formance. We address this limitation by developing interpretable physics-informed
models that can serve as foundational building blocks for more complex systems
and provide valuable insights into the process of integrating physics into machine
learning. Our work demonstrates how physics-informed principles can be effectively
incorporated into matrix factorization frameworks, yielding algorithms with the-
oretical guarantees of global optimality. This approach not only ensures reliable
convergence but also maintains computational efficiency while preserving the inter-
pretability that is often lost in deep learning approaches. Through this framework,
we establish novel connections between physics-informed learning and classical signal
processing, showing that the idea of Butterworth filtering naturally arise within our
physics-informed matrix factorization paradigm. The practical effectiveness of this
approach extends beyond theoretical contributions, as evidenced by recent acous-
tic applications where similar methodologies have been successfully employed as
zero-shot physics-informed learning” techniques. These applications demonstrate
the framework’s versatility and its potential to bridge the gap between traditional
signal processing methods and modern machine learning approaches, opening new
avenues for physics-informed model development across diverse domains in mathe-
matical signal processing.
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Cellular automata, many-valued logic, and deep neural
networks 24 Sep

10:00am
Hall IVYani Zhang

ETH Zurich

We develop a theory characterizing the fundamental capability of deep neural net-
works to learn, from evolution traces, the logical rules governing the behavior of cel-
lular automata (CA). This is accomplished by first establishing a novel connection
between CA and  Lukasiewicz propositional logic. While binary CA have been known
for decades to essentially perform operations in Boolean logic, no such relationship
exists for general CA. We demonstrate that many-valued (MV) logic, specifically
 Lukasiewicz propositional logic, constitutes a suitable language for characterizing
general CA as logical machines. This is done by interpolating CA transition func-
tions to continuous piecewise linear functions, which, by virtue of the McNaughton
theorem, yield formulae in MV logic characterizing the CA. Recognizing that deep
rectified linear unit (ReLU) networks realize continuous piecewise linear functions,
it follows that these formulae are naturally extracted from CA evolution traces by
deep ReLU networks. A corresponding algorithm together with a software imple-
mentation is provided. Finally, we show that the dynamical behavior of CA can be
realized by recurrent neural networks.“

The Convex Geometry of Low Rank Tensor Recovery with
the Nuclear Norm 24 Sep

11:30am
Hall IVYuhuai Zhou

RWTH Aachen University

The recovery problem can be formalized as a convex optimization problem. I will
present the convex geometric properties associated to it. In particular, I will discuss
the geometry of the tensor nuclear norm.
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